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ABSTRACT, 


Thk new hetallization process based oh Mo^Sh ststeh is the 

SUBJECT OF THIS HIHE MONTHS PROOhAM, 

ffoO^ IS USED AS THE SOURCE OF Mo, SINCE ITS RELATITELY 

LOW meltino point and ease of reduction to metallic 

MOLYBDENUM, 

The tasks performed durinc this study include: 

1, Establishing the reduction cycle for NoO^ 

2, Determining the reaction mechanism for NoO^^Sn mixtwre 

3, Establishing the ratio of MoO^-Sn for the ink com- 
position 

4, Formulation of screenaele ink 

5, Evaluation of photovoltaic cells metallized with the 

INK 

6, Comparison of the Mo-Sn metallization with nickel 

PLATED AND SILK SCREENED SILVER CONTACTS 

7, Environmental test of metallized cells 

8, Metallization of N/P cells with 3SF and comparison 
WITH CELLS METALLIZED WITH EVAPORATED Ti~Ag CONTACT 

9, Cost analysis of the process 

The first part of the contract, i,e. the reaction mecha- 
nism STUDY OF AND ITS MIXTURE WITH Sn WAS CONDUCTED 

IN AN EXPERIMENTAL STATION CONSISTING OF A GRAPHITE 
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STniP-HEATXR AMD A PyHEX BELL JAR / DMDER CLOSE COMTRaL 
or TEHPERATVRE~ ATMOSPHERE-TIME , WHILE ALLOW IHO VISUAL 

observations or the reactions. 

The metallization or the cells was done in a oirrusioN 
TUBE r URN ACE, 

In order to obtain a low ohmic contact to the cell, the 

BASIC INK COMPOSITION WAS MODIFIED WITH A SMALL ADDITION 
or TITANIUM IN THE NORM OF TITANIUM RESINATE, 

The electrical characteristics or the cells were com- 
parable WITH THE EXISTING H.fTALL IZATION PROCESSES, 

The firing cycle still has to be optimized for the 

PROCESS USED IN THE CONTINUOUS CONVEYOR BELT FURNACE, 
ESPECIALLY IN THE COOLING CYCLE AROUND iSO^C, WHICH 
INDICATED A SIGNIFICANT EFFECT ON THE ELECTRICAL CHARAC- 
TERISTICS. 

The COST analysis of the process was based on projected 
PRODUCTION OUTPUT OF ONE HeGaVaTT PER YEAR, USING 2"dIAM, 
SILICON CRYSTAL WAFERS AND THE CURRENT MATERIAL COSTS, 
IhEREFORE the CALCULATED COST DEWIATES FROM THE PROJECTED 
PRICE GOAL SET UP FOR THE YEAR 1966, 

In comparison with the standard processes using silver 

AS THE CONTACTING METAL, THE SAVING OBTAINED BY THE 
USE or THIS NSW PROCESS IS A DIRECT RESULT OF THE 
PRICE DIFFERENCE BETWEEN SILVER AND MOLYBDENUM OXIDE 
WITH TIN, 
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Hetals for ohmic comtact to silicoh solar cells are 

SELECTED OM BASIS OF THEIR ELECTRICAL COHDCC TI EITT, 
THERMAL EXPAMSIOM COEFFICIEHT, EHEIRONMFSTAL STABILITY 
AMD COST* 

Table I shows the pertiheht properties or metals. This 

TABLE SHOWS THAT HOLYBDEHOM IS MOST DESIRABLE WITH RES- 
PECT TO THE STATED RSqUIREMEMTS , It HaS THE CLOSEST 
MATCH OF THERMAL EXPAMSIOM COEFFICIEMT WITH SILICOM FROM 
ALL METALS AMD IT IS AMOMQ TEM OF THE HIOHEST COMDOCTIFE 
METALS-t OMLY SECOMD TO COPPER AMONG THE COMMON METALS, 

For this reason molybdenum is used in silicon device 

TECHNOLOGY 43 A STRUCTURAL ELEMENT IN THE DEVICE AND 
CIRCUIT ASSEMBLY, It IS USED AS A MECHANICAL SUPPORT AS 
WELL AS A HEAT SINK, As A CONTACTING ELEMENT HOWEVER 
MOLYBDENUM IS USED VERY RARELY AND THE REASON FOR THIS 
IS THAT ITS HIGH MELTING AND BOILING POINT MAKE THE 
DEPOSITION OF THE FILM BY EVAPORATION OR SPUTTERING 

Rather difficult and film formation by pyrolytic 

DECOMPOSITION OF CARBONYLS OR HALIDE COMPOUNDS REOUIRES 
COMPLEX EQUIPMENT AND PROCESSING STEPS, 

The formation of molybdenum films by a simple and 

ECONOMIC PROCESS IS THE SUBJECT OF THIS PROGRAM, It IS 
based on the CONVERSION OF MOLYBDENUM TRIOXIDE ( MoO 
INTO METALLIC MOLYBDENUM IN A REDUCING ATMOSPHERE AT 
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TABLE I 




Electrical 

RESISTIVITY 

( ^ohms^cm) 

CoEF.OF Thermal 
EXPAHSIOn 

(cM/CMfC).10'“^ 

UtlT.P, 

(OC) 

Beil.?, 

(■“cj 

Dehsity 

(s/cK^) 

Titamvjh 

176 

7.1 

1725^10 


4.5 

Nickel 

65.3 

9.2 

1455 

3075 

8.9 

Lead 

20.6 

16.3 

327 

1740 

11.3 

Pl ATI nun 

14.9 

4.9 

1774 

4530 

21.5 

Ta nr ALUM 

12.4 

4.0 

2996 

4100 

16.6 

Tin 

11.5 

13 

232 

2260 

msM 

Palladium 

10 . e 

6.5 

1555 

3980 

12.0 

Abuninun 

6.3 

13.7 

660 

1800 

2.82 

Zinc 

6.1 

19.3 

419 

904 

mm 

TunasTEn 

5.48 

2.2 

3410 

5900 

19.4 

flOLYBDEnUM 

5.17 

3.1 

2622 

4570 

10.2 

Beryllium 

5 

6.4 

1292*8 

2980 

1.84 

Rhodium 

4.51 

4.6 

1966 


12.4 

Gold 

2.35 

7.9 

1065 

2700 

19.3 

Copper 

2.03 

9.8 

1083 

2595 

8.95 

SiL YER 

1.6 

10.9 

960 

2000 

■8H 

RiLicon 


4.2 

1420 


2.33 1 
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ElETATKD TEMPERATUHKS * JfOLTBDKNUH TRZOXZDS (MoO^) ZS THE 
MOST stable OXZDATZOM STATE OF MOLYBDEMUM AMD HaS AM 
ADTAMTAOEOUS CMARACTERZSTZC ZM THAT ZT HAS A RELATZVELY 
LOW HELTZMO POZMT OF 795^C AMD ZS ALSO EASZLY REBECED 
ZMTO MOLYBDEMUM METAL, VhEM HEATED ZM AZR ZT STARTS TO 
SUBLIME ABOVE 550^0, MELTS ZMTO AM OILY LIQUID AT 795^C, 

AT WHICH POZMT THE SUBLIMATIOM IS EXCEEDZMOLY HEAVY, Im 
REDUCZMO ATMOSPHERE, OM THE OTHER HAMD, THIS OXIDE REDUCES 
AT APPROXIMATELY 600^0 ZMTO LOWER OXIDES, MOSTLiT MoO^t 
WHICH ZS CHARACTERIZED BY A PURPLE COLOR, HoO 2 DOES MOT 
SUBLIME AMD CAM BE ULTIMATELY REDUCED TO MOLYBDEMUM 
METAL ABOVE SOO'^C, IF KEPT FOR A LOMO EMOUOH TIME, 
i/HEM THE TEMPERATURE IS IMCREASED TO 795^0 OR ABOVE, THE 
RESIDUAL MoO^ STILL PRESENT IM THE OXIDE MIXTURE MELTS 
AND IS COMVERTSD INTO A DEMSE MOLYBDEMUM FILM, 

Since the MoO^ is commonly available in a fine powder 

FORM, IT ZS VERY SUITABLE TO USE IN A SUSPEM^ilOM ADJUSTED 
FOR SILK SCREEMINO PROCESSES, 

The second element in the proposed metallization method 
IS TIM, It is selected because of its oood solderabilzty 

AT LOW TEMPERATURES AMD ALSO BECAUSE IT HAS THE HIGHEST 
ELECTRICAL CONDUCTIVITY AMONG THE LOW MELTING METALS, 

Mo CONCLUSIVE information IS available on the constitution 
OF MOLYBDEMTTM^TIN SYSTEM, 
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There are referemcee etatiho that upto 0*1 S% tip iw 

HOLYBDEHUH FORKS A SI MOLE PHASE. ThIS REFEREHCE GAP BE 
FOUPD IP THE eOPSTITUTIOP OF BIPARY ALLOYS BY F.A.ShUPK, 
1969 ( SECOPD EDITION ). 

There is sxperihental svidencs that molybdenuh is readily 

WET BY TIN IN THE ABSENCE OF OXIDE AND THIS REACTION IS 
HORE PRONOUNCED WHEN IT TAXES PLACE AT THE TIKE WHEN 
HOLYBDENUn IS REDUCED FROM ITS OXIDE. THEREFORE THE AIM 
IS TO FORMULATE A MOLYBDENUM OXIDE-TIP COMPOSITION, 
DISPERSE IT IN A SUITABLE FEHICLE FOR SILK SCREENINO 
ANB FORM THE CONTACT ON THE SOLAR CELL SURFACE BY FIRING 
THIS MIXTURE IN REDUCING ATMOSPHERE. 

Forming gas ip used for safety reasons. 

The project is planned in three phases. 

1. The determination of the cycle for conversion of 

HoO^ INTO Mo AND THE RATIO OF MoO^-'Sn. 

This phase is done in an experimental station, es^ 
pecially constructed for this purpose. 

2. The formulation of screenable ink and the evaluation 

OF THE CONTACT ON SOLAR CELLS. ThIS WORK IS CONDUCTED 
IN A TUBE FURNACE CALIBRATED TO PARAMETERS ESTABLISHED 
EXPERIMENTALLY IN THE FIRST PHASE. 

3. The specification of the process. 


TKOHnC\L DlSCUSSICl 


III. 

The EIRr.T qUARTBR OF THF PHri'rRA<i :^AS COHCFRHED \'ITH 
ESTABLISHIHiJ OF TH': TFHPERATURF-TI HF-A THO.=! DHFPr: CYCLE 
RFquiRFD FOR THE RFD'JCTI OV OF MOLYBDF.HUH TRIOXIDF INTO 
liOt,YBDF.NC:i AND ALSO DETERMINATION OF MOLYRRENUM TRIOXIDF.- 
TIN Ratio to obtain SOLDERABLT and AOH^RENf* COATINGS , 

A SPECIAL STATION WAS BUILT FOR THIS WORK, 

III, !• Construction of experimental station. 

The purpose of this station is to allow for 

VISUAL OBSERVATION OF REACTIONS TAKING PLACE UNDER 
VARIOUS TEHPERATURE-TinE-ATHOSPHERE HEaTINO CYCLES AND 
TO PERFORM INDI VIDUAL EXPERIMENTS IN A SHORT TIME, ThE 
STATION SHOWN IN THE ATTACHED SKETCH CONSISTS OF A 
GRAPHITE STRIP HEATER, LOCATED UNDER A PyREX BFLLUAR WITH 
AN INLET FOR GASFLOW, ThE GRAPHITE STRIP IS HEATED BY MEANS 
OF AC CURRENT AND DESIGNED TO GENERATE ICOO^C, ThE TEMPERA- 
TURE OF THE STRIP IS MONITORED BY A ChROMEL-AlUMEL THERMO- 
COUPLE AND DISPLAYED BY A PYROMETER, ThE ATMOSPHERE IN THE 
BKLLUAR IS CONTROLLED BY FLOWMETERS AND VALVES TO PROVIDE 
A DESIRABLE INERT OR REACTIVE GASEOUS ENVIRONMENT, 

The heater is constructed from a high purity POCO graphite 
DISTRIBUTED BY: GraPHITE Ha-^HINED PRODUCTS 

9606 Everest Street 
Downey, Calif, 90242 
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The dehsity of this material is 1,84g/ch and rssistifity 
1,27x10“ 'In- CM, 

The supplied material is 4"(10,16cm). wide, 6”(15,24cm) loho 
AMD ,050" (0,127cm) thick. 

The he at I mo elbmemt is shaped from this plate amd has 
D iMEMsioMS OF 1”(2,q4cm) X 4,72”(12cm) with slots oh each 

NARROW END FOR I.JUMTIMO TO THE ELECTRODES TERMINALS (sEE 

drawing). 


12.00 cm '■■■ - » 





The electrical energy for the heater is supplied by 
120Y oltS’'20Amps in-house line via three transformers 

EACH ONE HAVING 208 VoLTS-10, SAmPS RATING ON THE PRI- 
MARY AND 3CVoLTS-60AmPS on the secondary WINDING, 

The PRIMARIES OF THESE TRANSFORMERS ARE CONNECTED IN 
SERIES, THE SECONDARIES IN PARALLEL, ThE VOLTAGE TO THE 

primary is regulated by a VARIAC, 
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The temperature or the strip is moeitored by a Ghrohel~ 
AhUMSL THERMOCOUPLE, GAUGE 26, PURCHASED FROM CaLIFORMIA 
Allot Go,, El Mohte, Galif, and recorded oh a pyrometer 
WITH A SCALE FROM 0 - 1100°C, PURCHASED FROM THE SAMS 
COMPAHY, The external resistance of THE THERMOCOUPLE 
IS ADJUSTED TO 10 OhMS IN ORDER TO MATCH THE RESISTANCE 
or THE PYROMETER, 

The bell,iar is from pyrex glass, has the diameter of 
8"( 20,32 cm) and has a volume of 12 liters. 

It is suspended by a wire cord and balanced by a counter 

WEIGHT, 

The flowmeters to control the gas flow are made by Brooks 
Instrument Division Emerson Electric Co,, Hatfield, Penn, 
One, used for forming gas, has a maximum flow-rate or 
4,7 std,l/min and the minimum flow-rate or 0,1 std l/min. 
The other, used for nitrogen, has the maximum flow-rate 
OF ,272 STD l/min and a minimum rate of ,014 STD l/min, 

IIJ, 2, Reduction or MoO^ into Mo, 

Materials used: 

Silicon wafers P-type, 1 Ohm-cm and 

K-type, 0,1 Ohm-cm 

Molybdenum oxide reagent ( Mallinckrodt ) 
Trichloroethylene ( Dos Angeles Chemical Go,) 
Ethylcellulose ( Dow Chemical Co, ) 

The silicon wafers were scribed to 1 x 1 cm approx, 

AND ETCH-CLEANED IN 9:1 = HNO^.'HF, 
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ThS HCLYBDEHUK oxide SU8PEM3I0M VAS PREPAPED BY DZSPERS^ 

INO IE TRICHLOROETHYLENE AND A SMALL AMOUNT OP 

ETHYLCSLLULOSE WAS ADDED TO ABJUST TO A CONSISTENCY OP 
A PAINT, 

No EXACT RATIO OF INDIFIDUAL INGREDIENTS WAS ESTABLISHED 
AS THE PURPOSE OF THESE TESTS WAS TO DETERMINE qUALlTATI VELY 
THE REDUCTION OF NoO^, 

The SILICON wafers were coated on one side with this 

SUSPENSION, 

The samples were subjected to a heat cycle to form No, 

The No coatings were ewaluated for lateral resistance 

AND BOND STRENGTH, The RESISTANCE WAS MEASURED BY AN 

Ohm meter and the bond stp.ength by a scratch test using 

AN X-ACTO KNIFE, 

The first cycle had a peak temperature of 8C0^G and the 

HEAT-UP WAS DONE IN STEPS TO OBSERVE MATERIAL CHANGES 
AT DIFFERENT TEMPERATURES, 

The graph shows this cycle, (Fig, 1) 

The initial heating was done in nitrogen flow of ,25l/min 

AND AT 225^0 THE DARK COLOR APPEARED, CORRESPONDING TO 
THE CARBONIZATION OF THE ORGANIC BINDER IN THE COATING, 

The forming gas was turned on at 500°G with a flow-rate 
OF 2,5 l/hin. 

At 400^0 YELLOW color of the original NoO^ reappeared. 

At 540^0 THE COLOR became greenish and at 550^G some 

SUBLIMATION WAS OBSERVED, 
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At 570^0 THS color turhsd dark purple and this persisted 

TILL THE PEAK OF 800^0, AT WHICH POINT THE COLOR CHANCED 
TO STEEL-ORAY, ThE TEMPERATURE WAS QUENCHED SUDDENLY TO 
ROOM TEMPERATURE, 

The films had a resistance between 5~10 Ohms and a rea^ 

SONABLE GOOD BOND TO SILICON, P^TYPE AS WELL AS N^TYPE, 
YET IT WAS POSSIBLE TO BE SCRAPED OFF BY A X~ACTO KNIFE, 

The forming gas used for the reduction was composed of 
65% NITROGEN and 15% HYDROGEN, 

hXPERIMENTS WERE DONE ALSO WITH 60% NITROGEN AND 40% 
HYDROGEN, 

The results in both cases were ibentical except with the 

HIGHER HYDROGEN CONTENT THE REDUCTION OF THE OXIDE WAS 
FASTER^ 

The conclusion drawn from these experiments was that the 

TRANSITION TEMPERATURE FROM 550^0 TO 650^0 WAS CRITICAL 
WITH RESPECT TO THE SUBLIMATION AND LOSS OF ffoO^, 

Therefore the cycle was modified to slow-down the heating 

RATE WITHIN THIS RANGE AND ALSO THE PEAK TEMPERATURE WAS 

increased to 900° C, to determine the effect of higher 

TEMPERATURE ON THE BOND STRENGTH, 

The initial heating in nitrogen atmosphere was increased 
TO 400^0 TO assure complete removal of organic materials, 

A FIVE MINUTE PURGE IN FORMING GAS FOLLOWED, 

The graph shows the modified cycle, ( Fiw, 2) 
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The moltbdsmuh film resultiho from these cycles had 

LATERAL RESISTAHCE BELOW 1 OhM AMD COULD HOT BE SCRAPED 
OFF BY THE X^ACTO KNIFE, 


III, 3, Determination of MoO^:Sn ratio. 

The preliminary tests for this task were dons by 

COATING silicon WAFERS WITH MOLYBDENUM OXIDE SUSPENSION 
AND LOCATING A FEW GRAINS OF 20 MESH SIZE TIN ON ONE 
EDGE OF THE COATING, 

The purpose of this test was to determine the wet ability 

OF THE MOLYBDENUM BY TIN, 

The samples were heated following the modified cycle. 

The reaction proceeded by fashion previously described for 
IfoO^, At S00°Q however, when the Mo was formed, tin spread 

OVER THE ENTIRE SURFACE, 

Resulted coatings passed the adhesion test and had a good 
solderability by lead^tin solder. 


Next tests were done with mixtures of NoO^:Sn(325 mesh 

PARTICLE size) USING THE FOLLOWING RATIOS, 

MoO. 



L2J 

§ 

i 


1 5 1 7 1 

8 

5 



The mixture was suspended in trichloroethylene with ethyl- 

CELLULOSE BINDER SUCH AS WAS DONE BEFORE WITH /foOj ONLY, 

The obtained results showed that with the MoO^:Sn ratio 
GREATER THAN 3:7, THE FORMED FILMS HAD A TEXTURE WITH A 
LACY PATTERN WITH TIN FORMING THE RIDGES, 
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Tmk bond passed the adhesion test, but the solderability 

WAS POOR AND RSOVIRED A SCRUBBING ACTION, 

Fiuhs formed from MoO^:Sn ratios less than 3:7 had a dense 

SOLOERABLE FINISH, BUT THE COATINGS WITH MoO^:Sn IN RATIOS 

OF 1:9 AND ,5:9,5 had a weaker bond. 

The best results were obtained at a ratio of MoO^:Sn=2:6, 
The firing cycle to achieve good bonding with this compos- 
ition was between 800° C and 900° G, 
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III, 4 . FoRHULATIOH of a SCKKENABLE ink from MoOy.SN MIXTURE, 
Materials used: 

Tin powder (Gominco d ROIC) 325 mesh^99,999% purity 
Trichloroethylene-Analttical Reaoent, (Los Angeles Chem,Go,) 
Ethyl cellulosb^Ethocel (R) Standard 10, premium ethyl 

CELLULOSE ( DoW CHEMICAL Gf> , ) 

Carbitol solvent (diethylene glycol monoethyl ether) - 
TECHNICAL GRADE (OraNGE CqUNTY CHEMICAL Co.) 

Carbitol Acetate-technical grade (Orange County Chemical Go,) 
Molybdenum Trioxide-Reagent (Mallinckrodt) 


\ 




MoO^ AND Sn were mixed in a ratio of 76% Sn and 22% MoO^, 

10 GRAMS OF THE MIXTURE WERE USED FOR THE FORMULATION 
OF THE INITIAL INK COMPOSITION, 

2,2 GRAMS OF MoO^ AND 7,6 GRAMS OF Sn WERE DRY MIXED IN 
A QUARTZ MORTAR, 

The vehicle for the ink consisted of 75% trichloroethylene , 
15% ETHYL CELLULOSE, 8% CARBITOL SOLVENT AND 2% CABITOL 
ACETATE, ALL AMOUNTS IN PERCENTAGES BY WEIGHT, 

10 GRAMS or THE MoOj.’Sn MIX WERE BLENDED WITH 5 GRAMS 
OF THE VEHICLE AND HOMOGENIZED ON A GLASS PLATE WITH 
A SPATULA. 

The screening test was done using a 200 mesh screen. 
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5, SST^VP AND CALIBRATION OF THE TUBE FURNACE FOR 
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INK FIRING, 

A HEAVY DUTY S^ZONS DIFFUSION FURNACE WITH 
3" I,D, qUARTZ TUBS WAS USED FOR THIS PURPOSE, 

The INITIAL PEAK TEHPERATURS Was SET AT 800^0, 

The PROFILE OF THE FURNACE WAS HEASUREn BY A 
ChROHEL-AlUMEL THERMOCOUPLE IN ORDER TO ESTABLISH 
THE TEMPERATURE ZONES CRITICAL FOR FIRING THE 

MoO^:Sn mixtures, 

yiTROGEN AND FORMING GAS ( 6C%N-40foH ) WERE CONNEC^ 
TED THROUGH A COMMON FLOWMETER TO ONE END OF THE 
TUBS, 

The experiments were done with Ii-type silicon 
.5 TO 1,5 OHM’ CM RESISTI VITY WITH ONE SIDE 
POLISHED AND THE OTHER SIDE ETCHED, 

After apllying the ink on both sides of the wafer 

THE SAMPLES WERE AIR^DRIED AND ORGANIC MATERIALS 
BURNED OUT IN A SMALL CERAMIC MUFFLE KILN 

(21cm X loCM X 23cm) on a quartz boat. 

The aim of the first runs was to duplicate the 

CYCLE PREVIOUSLY ESTABLISHED ON THE GRAPHITE 
STRIohEATER in the EXPERIMENTAL STATION, 
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It has bseh rouiro that in all cases the heductioh 

$r ffoO^ IHTO PURPLE M 0 O 2 TOOK PLACE WITHIN THE 
DETERHINED TEHPERATURE RANOE, I,E, BETWEEN 550° C 
AND 650°Gt BUT IN CONTRAST WITH THE REACTION OB- 
SERPED ON THE STRI PHEATER ,.WHERE THE METALLIC 
TIN FORKED AT 800° C, THE TIN FORMATION IN THE 
TUBE FURNACE TOOK PLACE SHORTLY AFTER THE CONFER- 
SION OF M 0 O 3 INTO MoOg, 

This was confirmed by a run of iYoOj coatino 

ALOHEt DURINO WHICH CONDUCTI FE Mo FILM WAS OBTAINED 
BETWEEN 550^0 AND 650° C IN 5 MINUTES, 

The IforSN layer formed at lower temperatures had 

A OOOD SOLDBRABILITY AND IN SOME CASES A GOOD 
BOND, 

It remained to be determined whether it was 

IMPORTANT TO CONDUCT THE HEATING CYCLE IN SUCH A 
WAY TO ESTABLISH IF THE TOTAL CONVERSION OF 
/foOj INTO Mo WAS NECESSARY BEFORE THE TEMPERATURE 
WAS RAISED TO 600^0, 

III, 6, Efaluation of Mo.’Sn contact. 

The contact formed from a screfnable mixture of 
76% 3n : 22% MoC;^ was evaluated for mechanical as 

WELL AS ELECTRICAL CHARACTERISTICS, 

The pattern was screened through 200 mesh silk 
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sensEirs oir diffused P otr K siltcof solar cell 


STRUCTURES , 

After scrsseiho, the test samples vers dried and 

OROAHIC HATERIAL BURHSD OFF IH A CSRaHIC MUFFLE 
FURHACE, 

The first expsrimehts here dome vith a pre^heat 

AT 560^ C FOR 5 MI MUTES AMD A SOAK AT 600° G PEaK 
FOR 1 Ml MUTE. 

The atmosphere >/as 60% Nitrooem amd 40 ^ Hydrooem, 
(formimo oas, ijrchassd from Amvsld Imc,) 

The comtact had a oood adheremce, tested by the 
X-Jicr0 KMZFE AMD HAD A OOOD SOL DERABI LI TY , 

The roLTAOs-cuRREMT characteristics d^termimeo 

OM A X-Y PLOTTER SHOVED A STRAIGHT LIME BETVSEM 
THE Toe AMD I SC FA LUES, 

There vas mo deoradatiom im short circuit curremt mor 

ZM OPEM CIRCUIT FOLTAOS FALUES, IVDZCATIMO THAT 
THE COMTACT VAS OHMIC, BUT VITH A HIGH RESISTAMCE 

(AaoFE 10 Ohms). 

Im ORDER TO ESTABLISH THE EFFECT OF THE PEAK T£MPE~ 
RaTURE OM THIS HIGH SERIES RESISTAMCE FALUE, OTHER 
SAMPLES VERS RUM VITH THE SAME PRE^HEAT CYCLE, 

WZTU PEAK TEHPERaTVRLS OF 700^0 AMD 900° C RESPECTI FELY. 
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T^r: RtsuhTS anowto that ths SAftPLKs firsd at 700°C 

HAD THE SANS SLOPE AS THE SAMPLES AT dOO^C, WHILE 
THE sample fired AT 900^ C WAS DE9RADED IH OPEH 
CIRCUIT r0LTA0E,(Fl0.5) , 

Ih order to determine whether this deoradation was 

CAUSED ar THS ACTION OF THE METALLIC CONTACT OR 
BY THS temperature ALONE, NON^METALLIZED CELLS 
WERE SUBJECTED TO THE SAME CYCLE OF 900^ C PEAK, 

The results of this test showed also deoradation 

IN OPEN CIRCUIT VOLTAGE, WHICH PROVED THAT THIS 
DEGRADATION WAS CAUSED BY THE HEAT CYCLE ALONE, 

7, Improvement of the contact series resistance. 

In order to improvf tnf high rfsistakcf 

f^o/^N-c I CONTACT, R WKRZ SEAP.CHFO 
RF[,ATIN'i TO STtinii^'S OF INTERFACE AND 

Nature of the contact. 

An ARTICLE PUBLISHED BY R,C, HoOPER, J,A, CuNNINGHAM 
AND J,G, Harpzr in Solid Stats Electronics, Vol,B, 
pp 621-632 (19S5), lists contact resistance values 

OF No AND OTHER METALS EVAPORATED ON Si OF VARIOUS 
RESISTIVITIES, 

According to this study the contact resistance of 
No TO retype Si with resistivities of 0,0C2 anb 
0,1 OHM-CM IS 4.4 X ohm/cm^ and 1,1 X 10~^ 

OHM/cH^ RESPECT! VELY, 


! 



i/4>trA^s ^r»i-rs) 


I The contact resistance of Mo to 0,5 ohn-ch P^type 

F Si IS 9,4 X 10““ ohn/ck^, 

S For y-rypjT Si of 0,005 oNTf-cM tne contact resistance 

j IS 7,8 X 10“^ 03Jt/cit^, FOR 0,01 onn^cM 6,1 x 10"^ 

I 0Hn/cn^, FOR 0,05 OHit-cn 2,0 onn/cn^ and for 

0,5 OHH-cit 26 osn/cit^. 

Since the starting silicon crystal used in our 

I SOLAR CELL STRUCTURE IS M~TYPE OF A RESISTIVITY 

[ RANGE BETWEEN 0,3 0,7 OHM-CH, THE HIGH RESISTANCE 

OF THE Mo CONTACT COULD BE EXPLAINED BY THE RE~ 
FXRENCED DATA, 

Another article published by RJ/i, Bower and 
J,V, Mayer in Appl, Phys, Lett,, Vol,20 - Mo, 9 

\ (May 1972) pp, 359-361, is concerned with the 

\ 

FORMATION OF METAL SILICIDES, SPECIFICALLY Pd, Ti, 

F Or and Mo, 

According to the authors, the growth rate of Pd^Si 

|\ and T 1 SI 2 VARIES LINEARLY WITH THE SQUARE ROOT 

I OF TIME, WHILE OrSi £ AND HoSi 2 GROW LINEARLY 

WITH TIME, 

[ The first case suggested diffusion iimited rate 

i GROWTH mechanism, WHILE THE SECOND CASE CORRESPOND 

I 

I DED TO REACTIOH LIMITED RATE GROWTH. 

The formation depth of Pd,Ti silicides is there- 
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« 

rORS ZASIER TO COUTROL TUAtt THE DEPTH OF Gr AND 
So SUICIDES, 

VSILE THE PRESENCE OF AN OXIDE FILH ON Si SURFACE 
INHIBITS THE FORMATION OF Pd, Cr AND So SUICIDES, 
IT HAS NO DETECTABLE EFFECT FOR THE Sl-Tl SrS- 
TEH AND THE TiSig FORKS AT RELATIVELY LOW TEMPER^ 

A TUBES *^600^0. 

Based on these references, experiments were per- 
formed TO DETERMINE THE SIONIFICANCS AND THE EF- 
FECT or TITANIUM SILICIDS ON THE VALUE OF CON- 
TACT resistance. 

As THE SOURCE OF TITANIUM, TITANIUM RESINATE WAS 
USED, PRODUCED BY ENGELHARD , INDUSTRIES DiV, , 

Newark, S,J, 

This organo-metallic compound contains 4,3% solids 

AS TITANIUM AND IS IN A SOLUTION FORK WHICH IS 
COMPATIBLE WITH THE SOLVENTS PRESENT IN THE INK, 

One EYEDROP OF THE RESINATE SOLUTION CORRESPONDING 
TO APPROX, 0,0013 G OF TITANIUM WAS ADDED TO 
30 0 OF INK, 

The ratio of added titanium to this mixture corres- 
ponded THEN TO approx. 1 PART OF fl TO 15000-16000 
PARTS OF MoO^/Sn solid MIXTURE, 

The experiments of the ink firing described for the 
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STAHDARD Mo:Sh MIXTURE WERE DUPLICATED WITH THE INK 
MODIFIED BY THE TIT AH I JH, 

The results showed a eery distinct effect on F-I 

CHARA W* TERISTICS, 

The SERIES resistance had a falue of approx. 1 Ohm 
AT A CYCLE CONSISTING OF A PRE-HEAT AT 560° G FOR 
3 MINUTES, 620°C FOR 3 MINUTES AND A SOAK AT 600° G 
FOR 1 MINUTE. 

Similar talues of the series resistance were also 
OBTAINED BY HEATING AT 560°G FOR 9 MINUTES . , }fo . 3) 

The BONDS on samples fired at 560° G were weaker than 
THE BONDS OBTAINED AT 600° G. 


III . iS * OpTimzziro thf rzRuro cycle for the Mo:3n ink 

NODI FIFO BY Tl» 

The ob^/ectife of this task was to detsrmzhe the 

EFFECT OF VARIOUS FIRIHC CYCLES OH THE COMBINED 

quality of mechanical adhesion, solderability and 

ELECTRICAL PERFORMANCE OF SOLAR CELLS METALLIZED 

WITH Ho:Sn ink modified by Tz, 

Three fzrinc cycles were employed for evaluation 

a) 560°0 - 20 MINUTES and quench 

b) 560^0 - 3 MINUTES, 620° C - 3 minutes, 600° C - 
1 MINUTE and quench 

c) 560°C - 10 MINUTES, 700°C - 1 minute and 

QUENCH, 

All cycles were done in a forming gas atmosphere 
CONSISTING OF 60% ilT AND 40% H AT A FLOW RATE OF 

3L/min. 

The adhesion was determined by scratch tests 

(x^ACToJ AND PULL TESTS WITH SOLDERED LEADS, 

The lead attachment was also a measure of 
solderability. 

The electrical characteristics were evaluated 

BY THE SHAPE OF 7-1 CURVES, 

The quality of mechanical properties ( adhesion 
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AH13 SOLDSRAaillTT ) COMFIMSD RS SUITS OF TESTS 
PRErzOtTSLT PERFOfUtSD UITE Mo:Sf IFF VITEOUT 
Tl ADD ED t Z,E, THE SQHD VAS WEAKER WITH THE 
FIRIHQ CrClE AT 560^0 THAH AT CTCIES WITH 700^0 
AKD dCO^C PEAK TEKPSRATURSS , 

The solderabilitt was also better for layers 

FORKED AT HIOHER TEKPERaTURSS • 

Electrical characteristics of solar cells 

HETALLIZED AT THE STATED FIRIHC CYCLES WERE OH 
THE OTHER HaHD SIOHIFICAHTLY BETTER AT THE 
LOW TEKPERATURE FIRIHC CYCLE 

Ih order to establish whether this CHaRACTS-’ 

RISTIC WAS A RESULT OF THE PEAK TEItPERATURE 
OF THE FIRIHC CYCLE ONLY OR OF ADDITIOHAL 
REACTIOHS TAKIHC PLACE DURIHC LOW TSKPERATURE 
AHHEaLIHC process, the cells HETALLIZED AT 
HIGHER TEHPERATURES WERE HEAT TREATED AT LOW 
TSKPERATURE AFTERWARDS » 

The RESULT obtaihsd froh this test established 

THAT THE /-I CHARACTERISTICS IXPROTED TO THE 
QUALITY OF THE CELLS HETALLIZED AT LOW TEH^ 
PERATURS OHLY, ( FlC, 4r ) 

From these results other sets of seperzhehts 

WERE PLaHHED to DETSRHINE WHETHER THIS HEAT 
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TRSATltSITT CAN BE DOITS AS A PART OF THE FIRINO 


CrCLE OR nXTST BE PSRFORSED AS A POST SEAT TREAT-" 

EEFT STEP, Also it VAS FSCSSSART TO DETSRlilttE 
WEETESR 550^0 IS TEE OPTIItTHt SEAT TREATKEET 
TEltPERATURE OR UEETWSR THE TREATEEHT HAD ANOTHER 
PEAK, 

Tee results obtained froe these tests pointed 

OUT TEAT TEE HEAT TREATMENT CAN BE INC0RP0RA~ 

TED IN TEE FIRING CTCLS AND THE OPTIMUM HEAT 
TREATMENT IS 450^0 FOR 16 MINUTES, ( Frj:^, 5 ) 

III, 9, Comparison of Mo:Sn contact with nickel plated and 
silver screened contact, 

Nickel plated cells used for the comparative tests 

WERE PRODUCTS OF THREE MANUFACTURERS , 

The screened silver cells were from another source. 
The results of VoCj Isc and pul lstrencht are listed 

IN TABLE S - 

Since the cells bid not have identical dimensions 

2 

The values of Isc were normalized to 1 cm area. 

Electrical characteristics displayed by the 
7~I CURVES IS SHOWN IN FlC, . 
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TABLE II 


m 


GOHPARISON OF Mo/Sh INK UITH Ni-PLATED AND Ao-SGREENED 



SOURCE’ rypE MerpKLU2A7i<»N \IccC^) 



^ piAreo .5'55' 2C 


'"B" 




N/p 


Ni-PLATe'D 


N! 'Pi-Are-P 


I , S^ 


S’ A ^FR/f'ie/vr^L. 

INK 


Mo/g^-SCREE/JlA , 5 ^ 


2oof 



































Tnx JtxcBAifzcAL aoitTACt or rxx Ifo:S» cells vjs 
XqOAL TO TXX BXST MICXXL PLATSD COltTACT AMD 
SOPXRIOA TO TXX SCRXSMXD SILTER COMTACT, 
AcTUALLT the SILTER SCRXEMSD COMTACT VaS ly- 
rXRZOR sixes TXX PATTXRM AS WELL AS TXS SACK 
HSTALLIZATIOM COVLO BS PSSLSD OFF UITXOCT AMT 
EFFORT, 

It VAS COKPARAaLS UITX TXE CXARACTERISTI CS OF 
OTXSR XETALLZZATIOM^ OmLT ZM CASES WHF.M TXE 
TEST SAItPLES WERE SCRIBED TO SIZE, TXE SXCMT 
RESZSTAMCS AMD SERIES RSSZSTAMCE Si ..ED SOME 
DSORADATZOM CAUSED BY TXE XECXAMICAL DAXAOS, 
GeMXRALLT TXE SERIES RESZSTAMCS OF ALL CELLS 
TESTED WAS 1 Si I M ATERAOE, 
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y-S c//^^c7^^/sr/c ot^csriLS 

t^iTH k^4/^ibtfS ^^rA*^fZATibhf% 

osi^is ’btfi^/^mR£/4T s-i^r^) 


<7«i 

/<®. 

/S0 
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'30. . 
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U0, 
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ui 

a 
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^/>^ - N i’ plauf*} (M»i>iOFi^eTUf<f^A^ 

P/Fi -Mi pi <[ 1%t/ ( f^^i^UPACTUMtii '8 ') 

P/P - V, ft It htj (M /tiv uPACrvPi'A "C “J 
P!/P - -StKftNip ( r^AM PfptruKi P "O') 
' P/Ki- - sc.fte 


Ill, 10 , OpTXHIZATZOH or ink G0HP08ITI0H, 

The ink ppkpared prstiously revealed DzrrzcaLTiss 

ZW 8E0RE0ATZ0H OF THE TZH FROM HoO ^ DURZHO 8TAND- 

ZHO, 

Thz8 seoreoatzoh resulted zh hoh-‘Reproduczble re-- 

SULTS, 8ZHCE TZH VZTH THE DEHSZTY OF 7,5 Or/cH^ 
SETTLED BELOW THE MoO ^ WZTH A DEHSZTY OF 4,5 OR/cH^ 
WZTHZH OHE HOUR, 

Therefor zt was hecessary to adjust the rheolooy of 

THE ZHK ZH SUCH A WAY THAT THE HOHOOEHEZTY OF THE 
HZXTURE WAS HAIHTAZNED FOR AT LEAST A PERIOD OF 
OHE WORKZHZO DAY AHD WAS RECOVERED THE HEZT DAY, 

The goal was achieved by partial substitutioh of 
trzchloroethylehe by terpiheol which has a lower 
vapor pressure AHD HIGHER BOILIHG POIHT, 

The ihk was prepared by the followihg procedure : 
Sh~MoO^ powders were PREHTXED dry AHD PASSED 
"THROUGH 140 MESH SIEVES TO REMOVE AHY POSSIBLE 
LUMPS, 

The VEHICLE was prepared from ethyl CEir^ULOSE 

DIHDER DISSOLVED ZH TRZCHLOROETHYLEHE, 

To THIS SOLUTIOH WAS ADDED TERPIHEOL AHD CAR- 
BITOL ACETATE, 
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Tee percevtaoe by ueioht of the zhdi fidual 

lEOREDZEItTS WAS AS FOLLOWS: 

6% ETHYL CELLULOSE DZSSOLFED ZH 20% TRZCHLORO~ 
STHYLEHE^AOnSD i^AS 70% TERPZHEOL A HD CAJi3Z^ 
TOL ACSTAl^E, 

20% OF THZS FEHZCLE A HD 80% HoOySH ftZXTURK 
WERE 3LEHDED TO FORE THE ZHK, ThZS WAS DOHE BY 
ADDIHC THE DRY HZXTURE UHDER COHSTAHT STZRRZ HG 
TO THE VEHICLE, 

FzFE OZ, OF THIS ZHK WAS SHIpoED TO JkT 


.-'HO PULSION uaDORATORY 


III. 11, ScRERtmto, Fzrzho AMD Te8Tzmo or 2cn x 2cit cells. 
The cells were P om N structure amd were screen^ 

ED WZTH A CRZD PATTERS SPECZFZCALLT DESZOMED FOR 
THZS PURPOSE, 

The rzRZMO cycle was 560°C : 10 hzm - 

700^0 : 1 nzM - 
0 : 15 HZM, 

The characterzstzcs or the cells were tested om 

A 7-1 PLOTTER AMD ZS SHOWS OM THE ATTACHED 
GRAPH, ( FZO, 7) 

CoHPaRATI EE TESTS WERE DOME WZTH LOW TEMPERATURE 
CYCLES AT 550^0 FOR 15 HZM, 

Is BOTH CASES THE RESULTS WERE WITHZM A CLOSE 
RASGE, OMLY THE CELLS FZRSD AT LOW TEMPERATURE 
CYCLES HAD KECHAMICALLY WEAKER BOSDS, 

The cells przor to screemzmg were cl eased 
BY 10% }IaOH SOLUTZOS for 1 MZSUTE, 


Im other EXPERZHESTS 1 MZSUTE DZP ZS COSCESTRATED 
HF WAS USED, 

Ho DZFFERESCE WAS OBSERFED ZS OBTAISED RESULTS, 
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Ill , 12, EsriR9tHfSK7AL TSST OF METALLIZBD CELLS 


The svaloatioh of the Mo-Sh ststsh and costact in 

TECRITr UNDER ENTIRONIfENTAL STRESSES INCLUDED THE 
HUMIDITY EXPOSURE AND SUBJECTION TO TEMPERATURE 
EXTREMES, 

The attempt has been made to establish some stand- 
ard CRITERIA FOR THIS TEST, 

Inquiries with JPL and NASA^Lewis Research Center 
IN Cleveland however revealed that there are no 

ESTABLISHED STANDARD TEST PROCEDURES WHICH WOULD 
APPLY TO TERRESTRIAL PHOTOVOLTAIC CELLS AND THE 
EXISTING TESTS ARE USED FOR SPACE CELLS WITH 
MODIFICATIONS SPECIFIED BY CUSTOMERS. 

Based on suggestions obtained from the MSA-Lewis 
Research Center the following tests were used to 

EVALUATE THE CONTACT: 

A: Subjection of the cells with attached leads to 

A CONSTANT TEMPERATURE WATERBATH OF 45'^ C FOR 
ONE WEEK AND 

B: subjection of the cells to ten thermoshock 
cycles between 100° G (boiling water) and 
•45° C (dry ice-acetone) . 

The dwell time at each extreme was 5 minutes. 
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The contact was evaluated them by the value or the 

PULL~TEST AND ELECTRICAL CHARACTERISTICS. 

The cells for this test were prepared by Boron 
DIFFUSION IN .5 OHH-CH If-^TYPE CRYSTAL, USING 
BGl^^ source. 

The electrode pattern was screened using MoO^^-Sn 

INK FROH THE BATCH PREPARED FOR JPL, 

The wafers were cleaned by 10% NaOH solution or oon.HF 

FOR 1 niNUTE PRIOR TO SCREENING. 

The screened cells, after drying at 90^0, were 

SUBJECTED TO 4rOO'^ C HEAT IN AIR IN A MUFFLE FUR^ 

NACS TO BURN OUT THE ORGANIC BINDER FROM THE INK. 

After that the cells were divided into- 2 groups 
OF 12 units each and subjected to the firing^ 

METALLIZATION CYCLE IN FORMING GAS ATMOSPHERE 

( 60% N 4-0% H ). 

The first group was fired at oSO'^O for 15 minutes 
The second group was fired at 560^0 for 10 minutes, 
FOLLOWED BY 1 MINUTE AT 700^0 AND 15 MINUTES AT 

450 ^ 0 . 

Silver ribbon leads, ,05C" wide and ,005" thick, 
were soldered to the cells AN'3 the cells WERE TESTED 
ON 7~I CHARACTERISTICS , ThE MECHANICAL STRENGTH 
WAS DETERMINED BY A PULL TEST AND VARIED FROM 50 GR. 
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FOR CELLS FIRED AT LOW TEMPERATURE TO 200-PLUS 
OR, FOR CELLS FIRED AT HIOMER TEMOFRATURE, 

Tee cells were subjected to coustamt temperature 
Water bate at 45^0 for one week aed tee electrical 

CHARACTERISTICS WERE MEASURED ACAIH, 

The results showed that the cells fired at low tem- 
perature (550^0 )decraded BY LOWERED SHUHT RESISTAffCE 
IN TEE V-I CHARACTERISTICS .17 SHOWN IN THE ATTACHED 
CRAPES, ( FiC, 6 & FiC, 9) 

The cells fired at hich temperature did not exhibit 

SUCH DECRADATION, 

Further experiments conducted for the purpose of 

EXPLAININC THE DECRADATION REVEALED THAT THE CELLS 
FIRED AT LOWER TEMPERATURE AND DECRADED BY EXPOSURE 
TO 45'^C HUMIDITY CYCLE, RECOVERED TO THE ORICINAL 
V-I CHARACTERISTICS AFTER A 15 MINUTE MEAT TREAT- 
MENT IN FORM INC CAS, 

FoLLOWINC the HUMIDITY TEST THE CELLS WERE SUBJECTED TO 
10 THERMO-SHOCk CYCLES CONSIS TINC 9F EXPOSURES TO 

100^0 AND -45^0, 

This test was done by using boiling water fop. the 

HIGH TEMPERATURE AND DRY ICE-ACETONE MIXTURE FOR THE 
LOW TEMPERATURE ENVIRONMENT , 

The cells were maintained in eacu environment for 
5 MINUTES, 
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The trahsfex of the cells from ohe temperature 

EXTREME TO THE OTHER l/AS DONE WITHOUT ANY TIME 
DELAY, 

0«lr EIHEO at 700°C peak TEKPEEATEEE. eolloued 

ar 15 kihetes akkeal at i50°0, were sorjected to 

THIS ABOVE DESCRIBED TEST, 

MECHANICAL BREAKAGE NOR ELECTRICAL CHANCE WAS 
OBSERVED after THE TESTS, 
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III. 15, Mxtallizatzoh of N/P solah cflls by Mo-Sr/ ivk. 


Fifty diffused wafers, 2 x 2 cm - produced by 

AHOTHER COMPANY WERE USED FOR THIS TEST, 

The wafers had Al backsurface field. 

The cells were tss'^ed for open circuit voltaoe prior 

TO SCREElfINO BY MECHANICAL CONTACT, 

The VALUES of the open circuit voltaoe ranged between 
,572 and ,585, 

Ten cells from this lot were screened without any 

PRELIMINARY TREATMENT OR CLEANING, USING THE STANDARD 
GRID FOR THE ACTIVE SIDE, 

The SCREENED CELLS, AFTER DRYING, WZP.S 5URNED-0UT 
IN A MUFFLE FUR.NACE IN AIR AT iOO° C PEAK TEMPERATURE 
FOR 10 MINUTES. 

The METALLIZED CYCLE WAS CONDUCTED IN THE TUBE FURNACE 
USING FORMING GAS ATMOSPHERE (60% F d 4-0%: h'). 

The cycle consisted of 5 minutes purge by II, followed 
BY FIRING IN FORMING GAS AT 525^0 FOR 10 MINUTES, 

700">G FOR 2 MINUTES AND 4-70^0 FOR 15 MINUTES, 

The cells tested after the firing cycle were shorted 

AND ALL OF THEM SHOWED SPECKS, DARK IN APPEARANCE, 

ON BOTH SIDES CE THE WAFERS, 

It WAS SPECULATED THAT THESE SPECKS WERE Al PARTICLES 


44 


aDHERIVO to the surface after the REHOYAL of Al FROM THE 
BACK SURFACE AHB CAUSED THE SHORTIHG OF THE JUNCTIOH WHEN 
HEATED TO 700° G» 

Ih order to CONFIRH this ASSUnPTION, ANOTHER LOT OF TEN 
WAFERS WAS PROCESSED THE SAKE WAY, BUT WITH THE PEAK TEM- 
PERATURE OF THE CYCLE LYING BELOW THE Al/Si EUTECTIC 

(577^0, 

This second lot was fired for 15 minutes at 525^0, followed 
BY 15 MINUTES AT 470° C, 

The results of the second test were as listed on the 
ATTACHED TABLE, ( TaBLE III ) 

No DARK SPECKS WERE PRESENT ON THE SURFACE. 

111,14, 

Comparison of Mo/Sn with Ti/Ao evaporated contact. 

To COMPARE THE V-I CHARACTERISTICS OF CELLS WITH Mo/Sn 
AND Ti/Ag metallisation, CELLS WERE USED WITHOUT AR 
COATING AS WELL AS CELLS WITH AR COATING, 

The results are shown on the attached graphs, ( Graphs 10 i 11) 
In order to approach the characteristics of the AR coated 

CELLS, CELLS METALLIZED WITH Mo-Sn INK WERE COATED WITH 
Tl RESINATE, DILUTED IN 10 TO 1 RATIO WITH ALCOHOL AND 
DRIED AT llO^G, 

The results are shown on the attached table and graph. 
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Ttts coMCLUszoir or rnis test was that the Mo-Stt metal- 

LIZATIOH WAS ELECTHIOALLY EQUITALEHT TO Ao-Tz METAL- 
LZ2ATZ0H, 

MeCHAMZCALLY^ HOWSrEH^THE Mo-Sh COHTACTS rZRED AT 525^0 
PEAK TEMPERATURE WERE WEAKER THAN THE Tz-Ao COHTACTS. 

A cleahzho process stzll remazhs to be worked out to 

REMOTE LOOSE AL PARTZCLES FROM WAFERS WZTH Al BACK- 
SURFACE FZELD,aO THAT A HZOHER TEMPERATURE FZRZHO 
CYCLE CAN BE EMPLOYED ZH ORDER TO ZMPROTE THE MBCHA- 
HZCAL BOHD, 
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IV, Cost amaltsis of Ifo-Sit hstallizatioh PRoctas 


Tat COST AMALrszs or ths atw atTALLiZATZoa hethod zs 

ZASSD OH A COHTZHCOOa nAHUFACTURZHO PROCESS, USZHO 
ACTOKATZC SCRSSN PRZHTSRS AMD A COHTtrOR SSLT FCRHACE* 

Tat THROUOaPCT for thzs calculatzoh zs 500 dzffused 
wafers/hr, 5,06 CK (2”) dzak, oh a full, tear (8280 hours) 

HAHUFACTURZHO SET-UP, 

Tee cost for haterzal ahd eouzpheht are actual curreht 
falues, obtazhed froh sources of zhdustrzal suppliers 

AHD HAHUFACTURERS, 

The output of 500 cells /hr or 5.08 ch (2") diah corres- 

POHDS TO 1 /hour of SOLAR CELL ACT! TE AREA AHD BASED 
on 10 TO 12% EFFZCZEHCY OEHERATES APPROX 1 MeOaI^ATT 


PER YEAR 


MSTALLIZATIOlf PROUtSS FLOW 


Ox 



500 WAFERS /hr 

5,0Sch(2")diah 

Diffused 

Cl EA NED 
100a INK /hr 


Backside 

THROUGHPUT 

500 wafers/hr 
*■- - 


Frontside 

THROUGHPUT 

500 wafers/hr 


Ink firing 

THROUGHPUT 

500 wafers /hr 
equal to 

ACTIVE ARE a /hr 
OPER'o TIME 

Ihr/hr 


Operating Time 0,17hrs/hr 



ly • i . Input Specifigatiohs 


Matskial: 

P/N OR s/p DIFFUSED WAFERS 

Sl-SINGLE CRYSTAL^ OR 1-0-0 ORIENTATION 

Dimensions : 

5,06 CM (2") DIAM, 

0,0254-0,0304 cm (0,010-0,012”) thickness 
Quantity required: 

500 WAFERS /hour 

Unit Cost: 

$ 2,10, based on the present price for 2” diam, 

SINGLE CRYSTAL SILICON WAFERS 

Input Cost: 

$ 1050,00/hour 

IhIafers are cleaned by the Z-wafer cleaning process 
Output rate: 

500 WAFERS /hour 
n, 2, Direct Material 
Type: 

So/Sn screenable ink ( FOR 500 wafers) 

Quantity required: 

IOOg/mour 

Unit Cost: Cost: 


$ 0 » 03/ G 
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$ 3,00 /hour 


INK GOMPOSITION 


Direct Material Posts for hakino Ink, 


I 


Material 

% BY Vt. 

Dehszti 

% 

Co. 



Sources - 

Gost ($) 


(c/cH^) 

BY YoL. 

$/lb 



IH 100c IH‘ 

Sh 

(-325 itEsn) 

62.4- 

7.3 

29.6 

1 

8.00 

17.60 

1 

Alcah Metal 
Powder, Ihc. 

1.10 

“o°3 

17.6 

4.5 

1 

13.0 

4.46 

9.81 

CLZlfAX MOLYB-i 
DEHUn Go. 

0.173 

Ethyl- 

CELLULOSE 

1.2 

1.1 

3.2 

3.50 

17.70] 

Dow Ghehical 

0.009 

TrI CHLORO- 
ETHYL EHE 

4r.O 

1.47 

8.0 

0.34 

0.748 

L.A.Ghehzcal 

Go. 

0.003 

Terpiheol 

14,0 \ 

0,935 

44.0 

1.60 

3.54 

Orahce Gouhty 
Ghekical Go. 

0.05 

Garbitol- 

ACETATE 

0.8 

1.0125 


0.68 

1.50 

Orahce Gouhty 
Ghehical Go. 

0.0012 

TlTAHIUn- 
RESIHATE i 

1 pt/ 
50000 
MoO^-^Sh 

B 


31.80 

70.00 

Ehcelhard Ih- 

DUSTRZFS 

TRA CES 


TOTAL DIRECT MATERIAL COSTS IN lOO GRAHS OF IH 


i^UlfCFACTURIVG CHARGE FOR INK FORNULATI OH OBTAINED BY i'fSTZ METAL- 
LURGICAL CoRP,: $ 0,4r0/oz OR $ l,i2/100c 


GOST OF IOOg of INK: $ 2, 76 







Direct Material Costs per nrrr.f. 


Based oh 2^ Dzam» Ii^afer 

CorERAOs: 100% Bace Side 

10% Active Side 

2 

Total Area covered by The ‘ 22 cn 
Screened Thicensss : 0,00254- cn (0,001") 
Total Volure of screened ink/cell'^ 0,0558 cn^ 


AnocNT OF Materials in 0,0556 cn 


J 


Ine. 


Sn 

0,12c 

MoO^ 

0, 03c 

Etsylcellulose 

0,0007c 

Tri chl oroethyl ene 

0,0147c 

Tsrpineol 

0,019c 

Carsitol acetate 

0,0012c 

TiTANIUn RES I NATE 

(traces) 


yS’CHT OF INE PER 
CELL 


0,1856c 


Total 


Costs ($) 

2x10'^ 

2x10'^ 

5x10’’^ 

1x10'^ 

6,7x10'^ 

1,6x10^° 

TRACES 

0,002278 $/cELL 
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IF . 3. Indirect Hatsrzal 


Type .* 

FoRttiNC Oas, 60% N TO ^0% H, nixed fron individual cases, 
SpEClFICATIONSi 

Seeded contznuouslt for conveyor belt furnace 

TO FIRE KSTALLIZATION INK. 

Quality required: 

900 lzters/hour of S & 600 liters/hour of H 

( STANDARD FORNINO GAS FLOW: 25 l/mIN 
i,E, 15 l/nin S d 10 l/nin H ) 

Unit Cost: 

H - $1,35/100 FT^ (2832 l) + $500 /no tank rental 
N - $0,66/100 ft'^ (2832 l) $270/no tank rental 

Cost: 

H - $ 0,98/hour 
S - $ 0,59 /hour 

Total cost: $ 1,57/hour 
Cost infornation provided by AhWELD ISC, 


Equipment 


IV, 4 . 


! 

i 

{ 

I 


17, 4 ,i Type: 1 thick film scre’!:n printer for back-screenino 

Hooel: AERQitix Technical Gorp, or Affiliated 

MANUFACTURERS, 

Capacity: 3000 wafers/hour 

Gost: $ 15,000 

Throughput: 500 uafers/hour 

Plant Operating time: 8280 hours/year 

Machine operating time: 1375 hours/year or 

16,6% or PLANT operating time 

Useful life: 7 years 

Charge rate: 21,33% of Cost /year 

Capital cost: $ 3202, 50 /year 

Parts or Outside Serfi^e: $ 2000/year 

Salvage value: $ 3,000 (20% of cost) 

Total Cost: $ 0,63/ hour 

17, 4.5 Type: 1 thick film screen printer for front-screening 

Model: Aerolix Technical Corp, or Affiliated 
Manufa cturers , 

Capacity: 3000 vafers/hour 

Cost: $ 15,000 

Throughput: 500 wafers/hour 

Plant Operating time: 8280 hours /year 


Machine operating time: 1375 hours /year or 


16,6% OF PLANT OPERATING TIME 
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1 


Useful life: 7 tears 

Chars E rate: 21^35% of Cost /tear 

Capital cost: $ 3202,50 

Parts or Outside Serfice: $ 2000/tear 

Sal face false: $ 3,000 (20% of cost) 

Total Cost: $ 0, 

\ 

\ 

\ 

I. 

4 .J Ttpe: Cohfetor Belt Furhace 

Model: Therho or Watkihs Johhson 
Cost: $ 30,000 

lySTALLATIOtr COSTS: INCLUDED 

Throughput: 4-80 wafers /hour 
Plant Oper'c tihe: 8280 hours /tear 
Machine operating tine: 7838 hours /tear 

95% OF PLANT OPERATING TINE 

Useful Life: 7 tears 
Charge rate: 21,35% of Cost /tear 
' ^ Capital Cost: $ 6400/tear 

Parts or Outside Serfice: $ 2000/tear 

SxLrASE ealue: $ S, 000 (SOT. of cost) 

Total Cost: s 


I! 


6 3 /hour 


OR 


1 A Ol/HOUft. 
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ir* 5 . 


EtrEnar 


Type: 


Electricity 

printers: 300 U„ts (iOO S/atts ka) 
17 % DUTY CYCLE 


9<r.iPTXTr o.lie IC^atts 

Upit Cost: $ O.OS/Kuw 
Cost: $ 0, 0061 /hr 


a) CoHYEYOR Belt Furhace: 20 Kwatts, 
Quantity RsquiREs: 20 Kuatts 
Unit Cost: $ 0s06/Kuh 
^ost: $ 1.20/hour 


CONTINUOUS . 


Totao SusRor Cost: $ j . 3 , 
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IF* 5. Direct Labor 


17, 6, 


IF, 5. 


IF. 5. 


IF. 6. 


1 . Citr ^ ooRr ; Sekicohdcctor Assekbler 

AcTirirr: Operation i itAZirTEVAfrcE of scrsee prihters 
Rate: $ 5,00/kr Aeouwt required: 0,17Ho(ms/EouR 
Load: 36% 

Cost: $ 1.15 /hr 

2. Catsoori: Sehicohmuctor AsssnaUER 

Actifitt: Opbratioh & /iaintseahce of screen printers 
Rats: $ 5,00/nr Ahount required: 0,17 hours /nour 
Load: 36% 

Cost: $ 1,15/hr 

3. Catecory: Semiconductor Assembler 

Activity: Operation and : mai ntsnance of conveyor belt 

FURNA CS 

Rats: $ 5, 00 /hr Amount required: Ihour/hour 

Load: 36% 

Cost: $ 6, 80 /hr 

4. Catscqrt: Maintenance Mechanic 
Activity: Service i Repair 

Amount OF time required: 0.1 hour/hour 
Rate: $ 8,0C/hr 
Load: 36% 

Cost: $ 1.10/hr 

Total Direct Labor cost: $ 10, 20/ hr 
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Indirect Labor 


Taken as 25% of Direct Labor 
Gost: $ 2,55 /»R 

SUB^TOVAL COST OF DIRECT * INDIRECT LaBOR: $ 12»75/ftR 

OrsRBEAD ON Labor: 5,36% 

Cost: $.0,67 /hr 

ScB-TOTAD Labor Costs: $ 13 , 42 /hr 


lY, 7, Facilities 

IY» 7.1 Tips: Furnace Area 

Floor Area: 30 

Charoe rate: $ 179,13/(M^ ,tr) 

(This includes eneroy costs for hsatino, air^ 

CONDITIONINO 4 LIOHTINo) 

Cost: $ 5373,90/yr — $ 0,65/hr 
lY, 7,2 Type: Screen Printers Area 

Floor Area: 4 

Charoe rate: $ 179,13/(M^ ,yr) 

Cost: $ 716,52/yr --- $ 0, 26/hr 

Sub-total facilities cost: $ 0,91 /hr 
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1 



IF. 5, Process Cost CoKPUTATiotr, 

Matsrials (Direct Iedirect) 

EvERor 

Labor (Direct * IftoiRSCT) 
EquzPttENT Facilities 
Total 

Tkeoretical loss iu process 
(breaeaoe) ( 1% or $ i if put /hr) 


$ 4, 57 /hr 

$ 1,21/hr 

$ 13, 42 /hr 

$ 3, Id /hr 

$ 22, 36 /hr 

$ 10, 50 /hr 


TOTAL COST $ 32,88/hr 


IV, 9, Output SPEciriCATions 

Item: Photovoltaic solar cell 

Dimensions: 5,08 cm (2**) dzam, 0,025-0,03 cm 
(0,01-0,012'*) THICKNESS 
Material: Rich Purity Silicon 


L 
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F. miML 


It has bekh pro tew experimehtally oumno rnia proorah 

TRA? TEE ormzc COMTACT TO SZLZCOH SOLAR CELLS CAM BE 
OBTAZMED FROM Mo/Sn HETaL SYSrEH BY REDOCTZOM OF 
MoO^Sh mixture. 

In ORDER TO LOWER TEE COMTACT RESISTANCE WEZLE HAIM’- 
TAZMIMO TEE PEAK TEMPERATURE AROUND 600^0, TEE BASIC 

MoO^-Sn formulation was modified by an addition of 

TITANIUM IN TEE FORM OF TITANIUM RESZMATE, 

A VERY CRITICAL PART IN TEE METALLIZATION PROCESS 
WAS TEE RATE OF COOLING DURING TEE FIRING CYCLE, 
SPECIFICALLY AROUND 4r50°0, 

Tee IMPLEMENTATION OF TEZS METEOD TO TEE AUTOMATED 
CONVEYOR FIRING PROCESS WILL REQUIRE TEEN THE DETER^ 
MZNATION OF TEE FIRING CYCLE WITH A SPECIAL ATTENTION 
TO TEE COOLING RATE, 

Tee characteristics of cells metallized with this 

METAL SYSTEM VI,.' COMPARABLE WITH TEE CHARACTERISTICS 
OF CELLS METALLIZED WITH TEE STANDARD METHODS ( PLAT^ 
ED Hi, SCREENED Ag AND EVAPORATED Ti/Ag), 

Since tee process uses standard manufacturing equip- 
ment SUCH AS USED IN TEE ESTABLISHED SILK SCREENING 
PROCESSES, TEE ADVANTAGE OF TEZS NEW METEOD RESULTS 
FROM THE COST SAVING ON MATERIALS USED IN TEE FORMUL- 
ATION OF TEE INK IN ADDITION TO TEE TECHNICAL ASPECT 
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f'Oh THt FORM“ 


OF USZMO STRICTLY A METALLIC SYSTEM 
ATI OH OF THE COST ACT, 
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